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Abstract  
 
The aim of the present study is to assess and compare the presence of metabolic syndrome using 
IDF and Modified NCEP ATPIII criteria among Sunni Muslim of Delhi and to determine the 
optimal cut off values of different parameters for the detection of metabolic syndrome. A total of, 
406 individuals (125 men, 281women) aged 35-65 years were recruited. Anthropometric, blood 
pressure and laboratory investigations were performed following the standard protocols. Receiver 
operating characteristics (ROC) curves of waist circumference, serum triglycerides, High density 
lipoprotein cholesterol, systolic and diastolic blood pressure and fasting blood glucose were 
created for the determination of the metabolic syndrome and the area under curve (AUC) was 
evaluated to determine the predictive efficiency of each variable of metabolic syndrome. The cut 
off values of each parameter with corresponding sensitivity, specificity, Youden index and 
likelihood ratios were estimated.    
The overall metabolic syndrome assessed through Modified NCEP ATP III was 75.12% while 
through IDF criterion it was 75.36%. Majority of the participants were equally identified by both 
definitions. The metabolic syndrome was higher in women as compare to men using both the 
criteria. The area under curve (AUC) shows that serum triglycerides have highest predictive ability 
for metabolic syndrome in modified NCEP ATP III and IDF. The population specific cut off 
values of different variable to detect metabolic syndrome was formed. Although these result may 
not apply to rest of Indian population due to multi ethnicity but similar studies with large sample 
size to find the cut off values of parameter for metabolic syndrome is needed for better detection 
and prevention.   
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Introduction 
The presence of metabolic syndrome is rapidly increasing in India (Prasad et al., 2011). 
Approximately one third of urban South Asians have evidence of the metabolic syndrome (Misra & 
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Khurana, 2009). The rapid increase of metabolic factor in urban Indians is due to marked change in 
diet, sedentary lifestyle, urbanization and mechanization (Misra & Khurana, 2009; Prasad et al., 
2010; Wasir et al., 2004). In Asian Indians, increasing pool of the metabolic syndrome is a reason 
for concern since it may convert to type 2 diabetes mellitus (T2DM) and cardiovascular disease 
(CVD) if effective interventions are not applied (Gupta & Misra, 2007 ; Misra & Misra 2003). 
Metabolic syndrome is a complex condition arriving due to interplay between environmental and 
genetic factors operating differentially in different populations. Numerous studies have reported the 
inadequacy of the current definitions of metabolic syndrome in characterizing non-caucasian 
populations ( Tillin et al., 2009 ; Tan et al., 2004 ; Takeuchi et al., 2005; Sone et al., 2005) either over 
or underestimating the risk in certain ethnic group and even some research indicate that 
atherogenic dyslipidemia, glucose intolerance, subclinical inflammation and endothelial dysfunction 
are proportionately higher in Asian Indians than Caucasians (Mohan  et al.,2007; Rao  et al.,2005). 
Unfortunately, representative data to monitor cardiovascular risk factors is lacking in India (Anjana 
et al., 2011; Shah & Mathur 2010). For assessments of metabolic syndrome in a population, a total 
of five definitions have been developed over the last decade (Misra & Vikram, 2008). Worldwide, 
two definitions are most popular, given by the National Cholestrol Education Program, Adult 
Treatment Panel III (NCEP ATP III) and International Diabetes Federation (IDF). However, 
according to the IDF, waist circumference is a mandatory variable containing ethnic group specific 
cut offs, but whether the latest IDF definitions predict cardiovascular in Asian Indian and other 
Asian Indian population is not yet clear (Wasir et al., 2008). Further, whether all the variables of 
metabolic syndrome are equally important or some are more important than other is also a 
contentious issue (Misra & Vikram, 2008). Hence, considering the above, the present study has two 
important research question: first to update the presence of metabolic syndrome among Sunni 
Muslim of Delhi using International Diabetes Federation (IDF) and revised NCEP-ATPIII 
guideline and to investigate the concordance between the two definitions; second to identify the 
stronger predictor of metabolic syndrome and also determine the population specific cut off point 
of metabolic variables. 
 
Material and methods 
The present study was conducted among Sunni Muslim of Delhi, India consisting of a total of 406 
subjects (125 men, 281 women) under the age group of 35-65 years. The information such as 
lifestyle, socio demographic, medical history was collected through pretested interview schedule. 
Waist circumference (WC) was measured according to standard procedure (Lohman et al., 1988). 
Measurement was conducted by trained personnel. The physiological measurement includes systolic 
blood pressure (SBP), diastolic bold pressure (DBP). Two consecutive reading were taken as 
recommended by the American Heart Association, 1981. 5mL intravenous blood sample after 12 
hours of fasting was drawn after obtaining written informed consent from all the recruited 
individuals by trained personnel. Fasting blood samples were drawn to analyze the levels of Fasting 
glucose (FG), triglycerides (TG), high density lipoprotein cholesterol (HDL-C). Lipid parameters 
were estimated using Spectrophotometry technique and commercial kits (Randox Laboratories 
Ltd.)  
In the present study, diagnosis of metabolic syndrome was based on two methods: Firstly modified 
NCEP ATP III criteria (Heng et al., 2006) which defines metabolic syndrome by the presence of 
three or more of the following risk determinants: central obesity [WC >90 cm in men or WC> 80 
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in women); elevated TG (≥150 mg/dl), HDL-C <40 mg/dl in men, <50 mg/dl in women), SBP 
≥130 mmHg and/ or DBP ≥85  mmHg or medical treatment of previously diagnosed 
hypertension, FG >110 mg/dl. Secondly Subjects were defined as Metabolic syndrome by IDF 
(Zimmet et al., 2005) presence of central obesity with WC >90 cm in men or WC >80 cm in 
women plus any two of the following: elevated TG >150mg/dl or specific treatment for this lipid 
abnormality, HDL-C <40 mg/dl in men, <50 mg/dl in women or medical treatment of this lipid 
abnormality, SBP >130 and or DBP>85 mmHg or medical treatment of previously diagnosed 
hypertension, fasting glucose >100 mg/dl or previously diagnosed type 2 diabetes. 
 
The present study was approved by the Ethical Committee, Department of Anthropology, 
University of Delhi. Prior to start of study, written consent was taken from all the study subjects.  
 
Statistical Analysis 
Statistical analyses were performed using SPSS version 17. Receiver operating characteristics (ROC) 
curves of TG, HDL-C, WC, SBP,DBP and FG were created for the prediction of metabolic 
syndrome and area under the ROC curve were used to evaluate the predictive efficiency of each 
metabolic syndrome parameter. The area under the ROC curve obtained was compared of different 
samples using the method described by Hanley &McNeil, 1982. Several indexes were calculated to 
obtain the best optimal cut-off point on the curve for the different parameters. The minimal cut-off 
value was calculated using the distance of the point closest to (0, 1) on the ROC curve formula:  
 
Square root [(1 − Sensitivity) 2 + (1 − specificity) 2] (Perkin & Schisterman, 2006) 
 
The Youden index was calculated using [𝐽 = sensivity - (1- specificity) (Bohning et al., 2008), the 
maximum value J can attain 1, when the test is perfect and the minimum value is 0, the test has no 
diagnostic value. Moreover, positive likelihood ratio (sensitivity/1 –specificity) were calculated 
along with cut off value and Youden index; likelihood ratios >1 indicate association with the 
disease, whereas ratios < 1 indicate association with the absence of the disease (Bewick et al., 2004). 
Different cut points in the selected variables and the corresponding sensitivity and specificity were 
also estimated. The kappa statistics was used to determine the agreement between the two 
diagnostic criteria i.e. modified NCEP ATP III and IDF  
 
Results 
 
Table1: Sex wise distribution of individuals with and without metabolic syndrome based on NCEP 
ATP III and IDF criteria among Sunni Muslims of Delhi  
Metabolic 
Syndrome  
NCEP – 
ATP III 
N (%)  
IDF 
N (%)  
Men 
N (%) 
 Women  
N(%) 
 (N=406) (N=406) 
  
NCEP 
ATP III 
(N=125) 
IDF 
(N=125)  
NCEP 
ATP III 
(N=281) 
IDF 
(N=281)  
Absent  101(24.87) 100(24.63) 38(30.4) 41(32.8) 63(22.41) 59(20.99) 
Present  305(75.12) 306(75.36) 87(69.6) 84(67.2) 218(77.58) 222(79) 
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Among 406 subjects (281 women and 125 men), metabolic syndrome was diagnosed in 
305(75.12%) and 306(75.36%) subjects according to the modified NCEP ATP III and IDF criteria, 
respectively. After stratification by gender, 87(67.6%) men and 218(77.58%) women, 87(67.2%) 
men and 222(79%) women had metabolic syndrome according to the modified NCEP ATPIII and 
IDF criteria. Presence of metabolic syndrome was more in women as compared to men. NCEP 
ATP III guideline formed to be better than IDF guideline for men as it identified 3 more men for 
metabolic syndrome. However among female 4 participants were diagnosed by IDF criteria but 
missed by modified NCEP ATP III. Majority of the subjects were identified equally by both 
definition as shown by kappa statistics was 0.916±.023 (p<.001) for the total population, 
0.916±.029 (p<.001) for women and 0.908±.040 (p<.001) for men.  
 
Table 2: Percentage of component of metabolic syndrome among Sunni Muslims of Delhi  
Variable  Women N (%) Men N (%) Overall N (%)  
WC (Men>90cm; 
Women>80cm) 
272(96.79) 110(88) 382(94.08) 
TG ≥ 150 mg/dl 171(60.85) 86(68.8) 257(63.30) 
 Low HDL-C (Men<40mg/dl; 
Women<50) 
190(67.61) 37(29.6) 227(55.91) 
SBP (≥ 130 mmHg) 197(70.10) 90(72) 287(70.68) 
DBP (≥85 mmHg) 135(48.04) 77(61.6) 212(52.21) 
FG ( (>100 mg/dl) 110(39.14) 56(44.8) 166(40.88) 
FG  (>110 mg/dl) 75(26.69) 44(35.2) 227(55.91) 
 
The presence of metabolic syndrome for the central obesity with waist circumference was 96.79% 
for women while 88% for men, overall 94.08% have central obesity. In the present study, 60.85% 
of women had high triglycerides, while 68.8% of men had high triglycerides; overall 63.30% had 
high triglycerides. 67.65% of women had low HDL Cholestrol while 29.6% of men had low HDL 
Cholestrol; overall 55.911% had low HDL Cholestrol. 70.10% of women had high Systolic blood 
pressure, while 72% of men had high systolic blood pressure; overall70.68% had high systolic 
blood pressure. 48.04% of women had high diastolic blood pressure while 61.6% of men had high 
diastolic blood pressure; overall 55.21% had high diastolic blood pressure. 39.14% of women and 
44.8% of men had high fasting glucose using IDF criteria whereas 26.69% women and 35.2 % of 
men had high fasting glucose using NCEP ATP III criteria. More subjects having high fasting 
glucose were identified using IDF than the NCEP ATP III criteria. 
 
Table 3: Area under the ROC curve of metabolic variables (HDL-C, TG, WC, SBP, DBP and FG) 
Variables  Modified NCEP 
ATP-III 
ROC curve area 
(95% CI) 
 
 
p value 
IDF 
ROC curve area 
(95% CI) 
 
 
p value 
HDL–C     
Women  0.763(0.704-0.822) .000 0.724(0.658-0.789) .000 
Men  0.634(0.539-0.729) 0.017 0.604(0.506-0.703) 0.049 
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TG      
Women  0.849(0.805-0.894) .000 0.829(0.776-0.881) .000 
Men  0.813(0.729-0.897) .000 0.776(0.674-0.858) .000 
WC     
Women  0.627(0.548-0.707) .002 0.647(0.567-0.731) .001 
Men  0.669(0.554-0.784) .003 0.729(0.620-0.838) .000 
SBP     
Women  0.697(0.621-0.773) .000 0.727(0.652-0.802) .000 
Men  0.757(0.659-0.854) .000 0.738(0.640-0.835) .000 
DBP     
Women  0.664(0.593-0.735) .000 0.680(0.609-0.751) .000 
Men  0.737(0.637-0.838) .000 0.718(0.616-0.819) .000 
FG     
Women  0.742(0.683-0.803) .000 0.771(0.712-0.829) .000 
Men  0.810(0.730-0.889) .000 0.775(0.686-0.864) .000 
 
Serum triglycerides for men and women had highest predictive ability for metabolic syndrome in 
both criteria. According to modified NCEP ATP III area under curve for women was 0.849 with 
95% CI (0.805- 0.894) while among men was 0.813 with 95% CI (0.729-0.897) and according to 
IDF criteria area under the curve for women was 0.829(0.776-0.881) while among men the area 
under curve was 0.776(0.674-0.888). Area under the curve for triglycerides differed significantly 
(men vs female, p<0.05). After Triglycerides, the highest predictive ability for metabolic syndrome 
is fasting glucose whose area under the curve was 0.810 with 95%CI (0.730-0.889) among men 
using NCEP ATP III while 0.775 95% CI (0.686-0.864) among men using IDF criteria.    
 
Table 4: Cut off value with sensivity, specificity, distance to ROC, Youden index and likelihood 
ratio using NCEP ATP III criteria 
Variable  Optimal cut 
off point 
Sensitivity specificity Distance to 
ROC 
Youden 
Index 
likelihood 
ratios 
Women        
TG  149.5 75.9 11.11 0.271 0.641 6.77 
HDL-C 45.5 74.6 33 0.416 0.418 2.260 
WC 95.5 63.3 42.9 0.564 0.204 1.475 
SBP 129.5 78.9 39.7 0.449 0.392 1.987 
DBP 83.5 55.5 27 0.52 0.28 2.05 
FG 88.62 68.8 30.2 0.52 0.28 2.05 
Men       
TG 167.5 75.9 18.4 0.303 0.575 4.12 
HDL-C 40.5 94.7 52.9 0.531 0.418 1.790 
WC  99.5 70.1 36.8 0.474 0.333 1.90 
SBP 130.5 69 28.9 0.423 0.401 2.387 
DBP 83.5 74.7 31.6 0.404 0.404 2.363 
FG 95.98 66.7 18.4 0.38 0483 3.625 
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The optimal cut point is calculated as minimal distance in ROC curve using formula: square root [(1 
− Sensitivity) 2 + (1 − specificity)2], the optimal cut off point of triglycerides among  women was 
149.5mg/dl with 75.9% of sensitivity and 11.11% of specificity , while among men the cut off point 
was 167.5mg/dl with 75.9% sensitivity and 18.4% specificity. For women, HDL-C cut off of 
45.5mg/dl with 74.5% sensitivity and 33% specificity, while among men 40.5 mg/dl was the 
optimal cut-off with 94.7% sensivity and 52.9% specificity for HDL-C. The optimal cut off for 
waist circumference in women was 95.5 cm with 63.3% sensitivity and 42.9% specificity while 
among men 99.5 cm was the optimal cut off value with 70.1% sensitivity and 36.8% specificity. The 
optimal cut off for systolic blood pressure for women was 129.5 mm/Hg with 78.9% sensitivity 
and 39.7% specificity, while among men 130.5 mm/Hg with 69% sensivity and 28.9% specificity. 
The optimal cut off for diastolic blood pressure in women was 83.5 mm/Hg with 55.5% sensitivity 
and 27% specificity, while among men 83.5mm/Hg with 74.7% sensitivity and 31.6% specificity. 
The optimal cut off for blood fasting glucose for women is 88.62 mg/dl with 68.82% sensitivity 
and 30.2% specificity, while among men 95.98 mg/dl with 66.7% sensitivity and 18.4% specificity. 
For each cut off value Youden index and likelihood ratio was also calculated.  
 
Figure 1: ROC curves constructed to determine HDL-C, TG, WC, SBP, DBP and FG cut-off 
points for the detection of metabolic syndrome among Sunni Muslims of Delhi defined by 
Modified NCEP ATP III criteria 
 
Women (HDL-C) Men (HDL-C) 
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Discussion  
This cross- sectional study was conducted in highly urbanized population of Delhi, a region with 
unique lifestyle and culture. A very high percentage of metabolic syndromes were assessed through 
Modified NCEP ATP III (75.12%) and through IDF criterion (75.36%). 
Both the methods have approximately equal predictive ability to diagnose metabolic syndrome 
among Sunni Muslims of Delhi. Among the various components, hypertriglyceridemia showed 
highest predictive ability to diagnose metabolic syndrome in men and women. In the present study, 
the higher percentage of metabolic syndrome in women as compared to men was not a surprising 
observation. Since ninety six percentage of women were centrally obese (waist circumference >80 
cm) with higher percentage of low HDL Cholestrol, excessive weight has been the one of the major 
contributor of metabolic syndrome among women (Wasir JS et al., 2008).  However, in some 
studies from India and abroad, women had a higher percentage of metabolic syndrome (Hydrie et 
al., 2009; Mabry et al., 2010; Khanam et al., 2011; Jesmin et al., 2012). Among women, metabolic 
changes is accompanying menopause which might increased the prevalence of metabolic syndrome 
in women. In spite of higher presence of metabolic syndrome in women, men are significantly 
associated with cardiovascular risk (Isles et al., 1992; Tunstall-Pedoe et al., 1997). Since it is unclear 
what factor protecting women against cardiovascular risk, but according to some studies women 
had protective effect of endogenous estrogens against atherosclerosis during premenopausal (Saltiki 
et al., 2008) 
The serum triglycerides in men has higher cut off of 167.5 mg/dl as compared to standard cut off 
150 mg/dl. This is due to more central obesity in Asian Indians as compared to Caucasians (Gupta 
et al., 2004). Comparing serum triglycerides with different regions of country, the triglyceride show 
higher value in population of north (Gandhi, 1982), west (Jhala et al., 1998), south and eastern 
region (Goswami & Bandopadhyaya, 2003). The serum triglycerides levels not only dependent on 
fat rich diet but also influenced by sedentary lifestyle and rich consumption of carbohydrates. The 
consumption of ghee( clarified butter) can also had an impact on lipid, since heating of ghee under 
pressure can covert the fatty acid of ghee in trance fatty acid which has atherogenic effect (Gupta & 
Prakash, 1997). The cut off for HDL-C in men of 40.5 mg/dl had an optimal sensivity and 
specificity which is in accordance with the standard cut off required to define metabolic syndrome 
whereas among women the cut off value predicted is 45.5 mg/dl which is lower than standard cut 
off value. The cut off value for waist circumference is 95.5 cm for women and for men the optimal 
cut off value is 99.5 cm. The cut off value of waist circumference is high than the standard cut off 
value for Asian Indian. The commonly used definitions to predict metabolic syndrome requires 
certain modification as waist circumference represent visceral fat, and several studies have shown 
the relationship to an increase risk of cardiovascular disease (Després et al., 2008; Chiba et al., 2007; 
Sam et al., 2009). Asian Indian have higher abdominal fat mass as compared to Caucasian and 
African American, the central obesity is been postulated as a leading modifiable cause of 
cardiovascular disease in Asia (Mohan & Deepa, 2006) 
The optimal cut off value for systolic and diastolic blood pressure is in accordance with cut off 
defined by standard criteria. The optimal cut off value of fasting blood sugar for women is 
88.62mg/dl while for men 95.98 mg/dl. The cut off value of the present study is lower than 
standard cut of values. The fasting blood glucose has second highest predictive ability after 
triglycerides. Since the elevated fasting glucose concentration is associated with high risk for the 
progression to diabetes (Charles et al., 1991; Edelstein et al., 1997; Shaw et al., 1999; Alberti et al., 
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1996) as well further cardiovascular disease (Alberti, 1996; Stamler et al., 1993; Balkau et al., 1998; 
Laakso & Lehto, 1998), Further studies are required to elucidate the sex difference in cut off value 
of fasting blood glucose for the better detection of metabolic syndrome.  
 
In conclusion, regardless of the metabolic syndrome definition the presence of metabolic syndrome 
is high among Sunni Muslim of Delhi. This reinforces the need for comprehensive preventive and 
control program. The present study results support the fact that the serum triglyceride was the 
strongest single predictor, which can efficiently indicate the presence of metabolic syndrome. The 
currently recommended cut points for waist circumference, triglyceride, and fasting blood sugar 
require some modification for better prediction.  
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